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ABSTRACT 


This report presents results of tests conducted on an 0.030-scale 
launch configuration model of the Space Shuttle Vehicle 140A/B in the 
NASA/ARC 11-Foot Unitary Plan Wind Tunnel. Aerodynamic loads data were 
obtained at Mach numbers from 0.6 to 1.4. 

Surface pressure distributions were obtained simultaneously with six- 
component stability and control force data on the complete launch configu- 
ration. The configuration consisted of the orbiter, an external tank, 
two solid rocket boosters, and associated intercomponent attach hardware. 
Angles of attack and sideslip from -10 degrees to +10 degrees were inves - 


tigated. The tests, designated IA14A, were conducted from 4 September 


1973 through 13 September 1973. 
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INTRODUCTION 


The 0.030-scale aero loads Space Shuttle Model was tested in the ARC 


Unitary Plan Wind Tunnels as follows: 


TA14A 
TA14B 
OA22A 
OA22B 


4 thru 13 Sept. 
17 thru 19 Sept. 
13 thru 14 Sept. 
19 thru 20 Sept. 


1973 
1973 
1973 
1973 


For tests IA1l4B, OA22A, and 0A22B, see reference 34, 35, and 36, 


respectively. 


The testing was conducted in the 11-foot and the 9- by 7-foot tunnels 


of the ARC Unitary Plan Wind Tunnels. 


configurations at Mach numbers from 0.6 to 2.2. 


The IAI4A/B tests were for the launch 
The OA22A/B tests were for 


the orbiter alone configuration at Mach numbers from 0.6 to 2.2. The effects 


of control surface deflections were also investigated in tests OA224/B. 


This report for test IAI4A consists of one volume of force data and ten 


volumes of pressure data for a total of eleven volumes arrayed in the following 


manner: 
Volume No. Contents 
l. IAI4A force data 
Ci IAI4A plotted pressure data 
3. IAI4A tabulated pressure data 
(a) Orbiter fuselage (B) 
(b) Orbiter base (C) 
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NOMENCLATURE 
General 
SADSAC 
SYMBOL DEFINITION 
speed of sound; m/sec, ft/sec 
Cr pressure coefficient; (Pp, ~ Pwo)/4 
MACH Mich number; V/a 
pressure; N/m, psf 
Q( NSM ) dynamic pressure; 1/2eVv", N/m®, psf 
Q( PSF ) 
RN/T, unit Reynold: number; per m, per ft 
velocity; m/sec, ft/sec 
ALPHA angle of attack, degrees 
BETA angle of sideslip, degrees 
PST angle of yaw, degrees 
PHI angle of roll, degrees 
muss density; kg/m, slugs/ft2 
Reference & C.G. Definitions 
base aren: me, fte 
BREF reference span; m, ft 
center of gravity 
reference length or wing mean 
yserodynamie chord; m, ft 
OREF wing aren or reference ares; m' , tt’ 
MRP moment reference point 
AMRP moment reference point on X axis 
YMRP moment reference point on Y axis 
MRE moment reference point on Z axis 


base 

loc] 

ctati: conditions 
tots! conditions 
free stream 








SYMBOL 


Cr 


| 


L/D 


SADSAC 
SYMBOL 


CN 
CA 
CY 


CAB 


CAF 


CIM 


CBL 


CL 


CD 


CDB 


CDF 





NOMENCLATURE (Continued ) 
Body-Axis System 


DEFINITICN 
normel-force coefficient; Normel force 
qs 
axlal-force coefficient; axial force 
qs 
side-force coefficient; Side force 
gS 
base-force coefficient; base force 
5 
1 


-Ay(Pph - Pe)/a8 


forebody axial force coefficient, Ca 7 Cy 
b 


pitching-moment enefficient; penne moment 
ISEREF 


yuwing-moment coefficient; Yawing moment 
qSb 


rolling-moment coefficient; "Olling moment 
qsb 


dtobility -Axi: System 


qs 





drag coerfleitents drag 
qs 


base-druy ec fiztent; bese _drap 





fore body drag coefficient; ae “Dy 


side-force coeffictent; Side force 
qs 


pitching-moment coefficient; pean ogy 
QS2REF 


yuwing-moment coerticbents yswing moment, 


4b 


rolling-moment coefficient; Tolling moment 


qSb 


iift-to-arsy rutto; Llp 
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NUMENCLATURE (Continued) 
Additions To Standard List 


SADSAC ee: 
Symbo | symbo | Definition 
A ) inodel base area, subscript is base orifice number 
and identifies location 
Cy CAB model base axial-force coefficient 
b 
C model static pressure coefficient, subscript is 
Pi ) orifice number, [P, a p_J/q 
Cay CA axial-force coefficient, unadjusted 
Car CAF forebody axial-force coefficient, Cay adjusted for 
base terms 
ET external tank 
IV integrated vehicle, consists of orbiter, external 
tank, and two solid rocket motors 
face LREF reference length, inches 
MRC moment reference center 
OMS orbital maneuvering system 
te ELEVON elevon, surface deflection angle, positive deflection 


trailing edge down, degrees 


d¢ BDFLAP orbiter body flap deflection angle, positive de- 
flection anyle is trailing edge down, degrees 


Sp RUDDER rudder, surface deflection angle, ,ositive deflection 
trailing edge to the left, degrees 


Sop SPDBRK speed brake deflection angle, left split rudder trail- 
ing edge left and right split rudder tra‘ling edge 
right, sc, = (5,, + &,,)/2, positive deflection, 
degrees SB RL RR 


us ORBINC Incidence angle between the orbiter and externa! 
tank, 19 = «9 - «7, degrees 
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BETAT 


ALPHAT 


LB 
LT 


LS 


LNM 


LNP 


BW 
BY 


CW 


CV 


X/LB 


X/LT 


X/LS 


X/LNM 





NOMENCLATURE (Continued) 


angle of sideslip of external tank, degrees 
angle of attack of external tank, degrees 


length of orbiter beady, in 


length of external tank, in 
length of SRM booster, in 


Tength of OMS nozzle, positive direction forward 
of exit plane, in 


length of MPS nozzle, positive direction forward 
of exit plane,in 


wing semi-span, jp 


vertical tail span, ia 


distance fron component nose, in 
tateral distance from centerline, in 


vertical distance measured from W.L. 500 (vertical 
tail reference root chord), in 


local wing chord, in 

local vertical tail chord, in 

longitudinal position/orbiter body length 
longitudinal position/external tank tength 
longitudinal position/booster length 


longitudinal position/OMS nozzle length 
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NOMENCLATURE (Concluded) 


¥ x/Enp X/LNP longitudinal position/MPS nozzle length 


x/C X/CW local chordwise position/local wing chord length 


W 


X/CV local chordwise position/local vertical tail 
chord length. 


n Y/BW local spanwise position/wing semi-span 


Ny Z/BV local spanwise position/vertical tail span 


Xep/f XCP/L center of pressure distance from MRC, expressed as 
CP 
a fraction of body length 


BETAO angle of sideslip of orbiter 


a9 ALPHAO angle of attack of orbiter 
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CONFIGURATIONS INVESTIGATED 


The 0.030-scale Aero Loads Model, 47-OTS, was configured after the 
Shuttle Vehicle MCR 0200 Baseline Rl, as defined in drawing number VL70- 
000088B. The orbiter configuration was a combination of the VL70-000140A 
orbiter and a VL70-000140B wing and midbody, from which the 140A/B designa- 
tion was derived. The basic launch configuration consisted of the orbiter, 
an external tank with simulated fuel and vent lines, and two solid rocket 
beosters, designated 0, Tho S19 Nog- 

Three launch configurations were tested. One was the basic configuration 
described above mounted on a dual balance and sting arrangement, illustrated 
In figure 2d. A second contained attach hardware, designated ATy 9s mating 
the orbiter with the external tank and mounted on a Single sting and balance 
in the orbiter, illustrated in figure 2b. The third utilized a similar 
attach hardware configuration, designated Alyy» which was attached to the 
orbiter but not to the external tank and was mounted on the same dual sting 
and balance arrangement as the basic configuration (figure 2c). In all three 
configurations, the SRB-to-ET attacn hardware was simulated at the forward 
attach location but not at the aft attach location. Model and component 


general arrangements are shown in figures 2e through 20. 


Component Description 

0, 140A/B orbiter minus the main Propulsion system 
nozzles 

Ty 324-inch diameter external tank with ogive nose 


and external fuel and vent lines 


12 142.3-inch diameter solid rocket boosters 


im 
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Nog Nozzles for S49 boosters 

Alig Urbiter-to-ET attach hardware, fixed to both 
vehicles 

AT} Orbiter-to-ET attach hardware, fixed to orbiter 
only 

LV OF Tyo S12 Nos 

LVA 0, T19 S49 Nog AT 


The orbiter 01, consisted of the following components: 


Bog &g Fg My Nog Vg Re Wiig Eng: 


26 Double delta wing fuselage, 140A/B 
Cg Canopy, 140A 
Fo Body flap, 140A 
My OMS pods, I40A 
Nog OMS nozzles, 140A 
Ve Vertical tail, 140A 
Re Rudder, 140A 
Wi16 Double delta wing, 140B 
Eng Elevons, 140B 


Parametric investigations were limited to angles of attack and side- 


slip with all orbiter control surfaces at 0° deflection. 
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INSTRUMENTATION DESCRIPTION 


The left side of the orbiter and the external tank and the left hand 
SRB were extensively instrumented with pressure orifices for measurement 
of surface static pressure distributions. Additionally, there were clusters 
of orifices around inter-component attach structure locations on the right 
hand side of the orbiter and external tank. The orbiter concained 47] 
operational orifices, of which 83 were clustered around attach structure. 
The external tank centained 270 Operational orifices, of which 127 were 
clustered around attach structure. The SRB contained 124 operational 
orifices. A three-tube total pressure rake was installed in the opening 
between the orbiter and external tank. Tables and sketches defining orifice 
locations are included in this report. All model pressures were measurzd 
by model mounted Scanivalve, Inc., S-type scanivalve modules - twelve in 
the orbiter, seven in the external tank, and five in the SRB. 

Force instrumentation consisted of a $1X-component internal force 
balance in both the orbiter and external tank for the LV and LVAP con- 
figurations, and a single six-component internal force be ‘ance in the 


orbiter for the attached LVA configuration. 
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¥ TEST FACILITY DESCRIPTION 
3 
i The tests were conducted in the Ames il- by 1]-Foot Transonic Wind 
Tunnel which is a variable density, closed return, continuous flow type. 
: This tunnel has an adjustable nozzle (two flexible walls) and a slotted 

test section to permit transonic testing over a Mach number range continuously 
7 variable from 0.4 to 1.4. 

14 
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DATA REDUCTION 


Data were reduced to coefficient form about body axes using the 


following reference constants: 


Reg = 2.42) Fto reference area for force and moment 
| coefficients 
Fore = 38.709 in reference length for moment coefficients 
A, = 0.07670 Ft° Orbiter sting cavity 
A, = 0.21340 Ft° Orbiter heat shield base 
A, = 0.08560 Ft” Orbiter OMS base (2) 


Ay = (see table below) Orbiter speed brake base 


Ac Q) = 0.07266 Ft¢ Tank sting cavity 
Ago = 0.44264 ft Tank base 
Ag, = 0.19600 Ft¢ SRM nozzle base (2) 
Rago = 0.16590 ft© SRM skirt base (2) 
§ = QO deg Aq = 0 ft2 
oe 14.92 0.02327 

24.92 0.03866 

34.92 0.05370 

54.92 0.08252 

84.92 0.12083 


Xmpp = Q in 
YaMpp = Q in 


MRP 


3 
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The incidence angle between the orbiter and the external tank is 
equal to zero for angle of attack and angle of sideslip. Therefore, the 
angle of attack, ALPHA, used in the force plots is equal to ALPHAO. Also 
the angle of sideslip, 3ETA, used in the force plots is equal to BETAO. 

The force and moment data recorded by the orbiter balance for con- 
figuration LV and LVAP are identified as RBIOXX datasets. Force and 
moment data recorded by the tank balance for configuration LV and LVAP 
and by the orbiter balance for LVA (composite) are identified by RBIJIXX. 

The pressure data were recorded for each component. The fourth 
character in each dataset identifier (i.e. RBIBXX, B for fuselage) repre- 


sents the individual component. The following list indicates the symbol 


for each component. 


SYMBOL COMPONENT 
B Orbiter fuselage 
C Orbiter base 
E OMS nozzle 
F Body flap 
M OMS pod outside 
L Lower wing surface 
lJ Upper wing surface 
R Right vertical tail surface 
V Left vertical tail surface 
S SRM booster 
T External tank 
X SRM nozzle 
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3 SYMBOL COMPONENT 
Y External tank base & SRM booster base 
] Orbiter attach points 
2 External tank attach points 


3 External tank base rake 
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External Oxygen Hydrogen Tank (EQHT) - Lines and Configuration 
Control Drawings 


VL78-000041B, External Tank - Configuration Control MER 0200 
Baseline R2 


VL78-Q00024A, Structural Assy - External Tank MCR 0200 R? 


VL78-O000031A, Thermal Protection - External Tank, MCR 0200 
Baseline 


Solid Rocket Boosters (SRB) - Lines and Configuration Control 
Drawings 


VL77-000036A, SRB Configuration Control MCR 0200 R} 
VL7/-000041, SRB Gooster Assy, MCR 0200 RI] 

Integrated Vehicle - Lines and Configuration Control Drawings 
VL72-O00088A, Shuttle Configuration MCR 0200 Baseline RI] 


VL72-000089, SRB-ET-Orbiter Interface Disconnects MCR 0200 
Baseline 


VL72-000075, External Tank to SRB Attach Interface MCR 0074 
Baseline 


Aero Loads Model 47-OTS - Mode] Fabrication, Assembly and 
Installation Drawings 
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24. 
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21% 


28. 


29. 


30. 


3.1 


ae 
33. 





SS-AQ0119, Orbiter Assy - .030 Scale Pressure/Loads Model 
(1404/8 Lines} 


SS-AQOTZ0, Assy & Details - EQHT - .030 Scale Pressure/Loads 
Model (740A Lines) 


SS-AOQO121, Orbiter/EOQHT Attachments .030 Scale Pressure/Loads 
Model (140A Lines) 


SS-AUOI22, Assy & Details - SRM - .030 Scale Pressure/Loads 
Model (140A Lines) 


SS-A00123, Assy & Details - Forebody - .030 Scale Pressure/ 
Loads Modei (140A Lines) 


SS-AQ0124, Assy & Details - Aft Fuselage - .030 Scale Pressure/ 
i.oads Model (140A Lines) 


SS-AQQI25, Assy & Details - Wing Splice Plate & Cuff - .030 
Scale Pressure/Loads Model (140A Lines) 


SS-A00!26, Assy & Details - Vertical Stabilizer - .030 Scale 
Pressure/Loads Model (140A Lines) 


SS-AQ012/, Ames I1-ft x 11-ft Wind Tunnel Installation - 
.030 Scale Pressure/Loads Model (140A/B Lines) 


SS-ACOI28, Ames 9-ft x 7~ft Wind Tunnel Installation - .030 
Scale Pressure/Loads Model (140A/B Lines) 


SS-AQUI30, Lines Control - Profile VL70-000140A - .030 Scale 
Pressure/Loads Model (140A/B Lines) 


W-1104S Sting - Anes MK II 4" Balance (Male End), Ames MK XX 
2.5" Balance 


W-1105S, Sting - Ames MK 11 4" Balance (Male End), RI MK I 
2.75 Balance 


W-TIG6A, Adapter - Ames Mk [I, 4" Balance (Male & Female) 


W-1107A, 13.5° Bent Sting Adapter Ames MK II 4" Balance 
(Male & Female) 
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(DMS-DR-2129), "Airloads Investigation of an 0.030-Scale Model 

of the Space Shuttle Venicle 140A/B Launch Configuration (Model 
47-OTS) in the ARC 9- by 7-foot Unitary Plan Wind Tunnel for Mach 
Range 1.55 and 2.2 (IA14B)" 


(DMS-DR-2130), "Airloads Investigation of an 0.030-Scale Model 
of the Space Shuttle Vehicle 140A/B Orbiter Configuration (Model 
47-0) in the ARC 11-foot Unitary Plan Wind Tunnel for Mach Range 
0.6 and 0.9 (OA22A)" 


(DMS-DR-2131), "Airloads Investigation of an 0.030-Scale Model 
of the Space Shuttle Vehicle 140A/B Orbiter Configuration (Model 
47-0) in the ARC 9- by 7-foot Unitary Plan Wind Tunnel for Mach 
Range 1.55 and 2.2 (0A22B)" 
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TABLE I. 












REYNOLDS NUMBER 


MACH NUMBER (per unit length) 





0.95 3.25 x 10% 
0.975 3.0 « 10° 

1.00 3.0 x 10° 

1.025 3.0 x 19° 

1.05 ene a) ee 
WNOG cts cn ed aes ey 

1.25 sai ltece SHO a 





LVA: 2.5-in MK XX (ORBITER) 
BALANCE UTILIZED: LVAP: 2.5-in MK XX (ORB. ),)2.75-in. MK I (FT) 


COEFFICIENT 





MK XXPMA I 
mt 6000} 7500 MK_XX MK] 
sf 3000 | 3750 
Af —_ U0 
Ph. 
si 4000} 4000 rae 
YM 





COMMENTS: Test conditions for LVA and LVAP model configurations 


_: 





2 | 























MACH NUMBER 


0.60 
meee 
- 0,89 
200 
0.95 


Tl 


1.05 
1.10 
1.25 
1,25 

wae 





COMMENTS: 





0.975 


BALANCE UTILIZED: 


Test condittons 





TABLE I. 


- Concluded. 


- | IDATE 2 9-13-73 


TEST CONDITIONS 


DYNAMIC ters STAGNATION TEMPERATURE 
(pounds/sq. ft) (degrees Fahrenheit) 
610 | 
710 


REYNOLDS NUMBER 
(per alae 





4, exe x 10° 19° 


C29 


465 x 10° 


6. AOE 





2.5-in MK XX (ORB. 2.7/5-in MK I 
COEFFICIENT 
CAPACITY: ACCURACY: eee 
MK XX MK I 


MK XX MK I 


oVUU} 7500 Q.2. | 0.2% 


53U00 | 3750 
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TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT: ATTACH STRUCTURE - ATj9 


GENERAL DESCRIPTION: Attach structure for Integrated Vehicle Configuration 


4 per VL72-000088B end ¥L72-000059, modified as follows: Removed 


- £Y-to-SRM aft attach struts (4) and left orbiter to right ET aft 
attach crossover rod. 
MODEL SCALE: 0.030 


DRAWING NO.: SEE DESCRIPTION 


DIMENSIONS: FULL SCALE MODEL SCALE 


~ 


FORWARD ATTACH 
Orbiter to Tank 








Number of struts 2 2 
Diameter - In. 6.009 9.180 
Location - In. i 
Xo 382.000 _11.460 
Xp 1078 .000 32 - 340 
DRAG LINK ATTACH 
Orbiter to Tank 
Number of struts ? 2 
Diaweter, In. 15.000 0.450 
Location, In. 
Xy | 1307-000 39.219 
5595000 ge 
AFT ATTACH 
Orbiter to Tank 
Number of struts Sette 2 
Diameter - In. 12.000 0.360 
Location - In. 
X 1307-900 32.210 
Xr 2053.000 _ OL. THO 
CROSSOVER ROD (RIGHT ORBITER TO LEFT ET) 
Diameter, In. __ 8.000 Q 240 
Location - In. 
X 1307-000 _ 39.210 
Xe 2058.000 61.740 
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TABLE III. - Continued. 


MODEL COMPONENT: ATTACH STRUCTURE - AT)1 


GENERAL DESCRIPTION: Attach structure, same as AT}yg except the forward 
attach struts are rotated to the vertical, and the stricture extends 
from the orbiter ut is not attached to the tank. 0 
MODEL SCALE: 9.920 ; 
DIMENSIONS; FULL SCALE MODEL SCALE 
FORWARD ATTACH 


Orbiter to Tank 
Location - In. 


Xo 382 .000 11460 
Xp 1133.000 33-990 
Clearance, tank to strut - In. 16.667 0.500 
DRAG LINK ATTACH - 


Orbiter to Tank , 
Clearance, tank to strut - In. 8. 333 Q.250 


AFT ATTACH 
Orbiter to Tank 
Clearance, Tank to strat - In. 8. 333 0.250 


Crossover Rod 
Clearance, tank to strut - In. 8. 333 0.250 


ae 








TABLE III. - Continued. 


MODEL COMPONENT: BODY - Boe 


GENERAL DESCRIFTION: Orbiter Fuselape Configuration 140 A/B 


eS I FS. 




















NOTE: Bo, identical to B24 except underside of fuselage refaired to 
accept Wy1¢- 
Model Scale = _-030 
VL70-000193 
DRAWING NUMBER: VL70-000140A 
DIMENSIONS: —*FULL-SCALE MODEL SCALE 
Length (Body Fwd Sta X, = 238) - in. 1293.3 38.799 
Max. Width (at X, = 1520) - in. — 262.0 ___7860 
Max. Depth (at X, = 1464) - in. 250.0 7.500 
Fineness Ratio 0.26357 0.26357 
Area - ft? | 
Max. Cross-Sectional 340. $8462 0.30679 
Planform 
Wetted 
Base 
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TABLE III. - Continued. 


MODEL COMPONENT: CANOPY - Cg } 


GENERAL DESCRIPTION: Confieurstion 3A 


RR PW rr Ps as renaitnentunsarepeennyitne 








Model Scale = -939 





VL70-000140x 
DRAWING NUMBER _ _VL70-0002 42.4 
DIMENSION: | | FULL SCALE | MODEL SCALE 
Length (X =434.643 to 670) 235.357 7.06071 
Mox Width ( X,=513.227) 152.412 4.57236 
Mox Depth (2 X,=465.0) 25.000 0.75000 
Fineness Ratic | 
Areo 
Mox Cioss-Sectional | _ 7 
Planform 
Wetted es 
dase _ 
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TABLE III. - Continued. 


# 


MODEL COMPONENT: ELEVON - F096 eee 


GENERAL DESCRIPTION: Configuration 4 





NOTS: VL70-000400 dste for (1) of (2) sides. Identical to Eos except 


airfoil thickness 





Model Scele = -.830 





~ VL70--CO® 200 


DRAWING NUMBER: VL70-OOOlL® B 

DIMENSIONS: | FULL~SCALE MODEL SCALE 
Area | 223.5814 0.20122 
Span (equivalent) | | | 368.34, 11705020 
Inb'd equivalent chord | 119.623 3.58869 
Qutb'd equivalent chord 55.1922 1.65577 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord | 0.2096 0.2096 
At Outh'd equiv. chord 0.4004 0.4001, 


Sweep Back Angles, degrees 





., Leading Edge | ees Pe 
; ee Tailing Edge - ‘ | bec ~10.055 ~10.056 
Hingeline 0.00 0.00 
Area Moment (Normal to hinge line) _ 851.1502 0.76604 
% 
P 30 
: 
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‘TABLE III. - Continued. 


MODEL COMPONENT: __Body Flap - Fe 


GENERAL DESCRIPTION: Conficuration 4 
. rr re 3igeetpsnegppanaresent-csttneseerengeners 


eS i ee SS sil SSSI 





nner rarer nce LO TI TC A EC Ot ES MUD 








Model Scale - 030 
DRAWING NUMBER . VL70-000140B, VL70-000 200 





DIMENSION: FULL SCALE MODEL SCALE 
Length in. ig 84.7 2.541 | 
Mox Width in. 262.308 | | 
Mox Depth in. | 23.000 


Fineness Ratio | 


Area - ft? 


Max Cross-Sectional 





Planform : "+ 158.8535N 0.14297 
Wetted 


Base 41. 89642 ' §.03771 


ORIG 
OF Pood PAGH be 


3] 
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TABLE III. - Continued. 





MODEL COMPONENT: _OMS POD = 7 


| 
oj | 
| 


a GENERAL DESCRIPTION: “Torfiguretion 3A 











Model Scale = .030 





VL70-000LA04 
DRAWING NUMBER | Z 


ae 


DIMENSION: _ _ FULL SCALE = MODEL SCAiE 
DIMENSION FULL SCALE = MODEL SCALE 


Length (OS Fwd Ste X5=1233.0) - IN. 327.000 9.810 i 
Mox Width (@ Xo=1450.0) - IM. 91.5 2.8350 4 
Mox Depth (9 Xo=1453.0) - IN. - 109.000 ae 4 
Fineness Ratio “ | 
| Area 
Max Cross-Sectional 


Planform 


Wetted 


Base 














TABLe III. - Continued. 


MODEL COMPONENT:  BSRM NOZZLES - Nos - 


GENERAL DESCRIPTION: Confiruretion 3A ®SRM Nozzles 








' Model Scale = .030 























DRAWING NO. ie ee 
DIMENS IONS | oe  FULL-SCALE MODEL SCALE 
MACH NO. 
DIAMETER DEX ~IN (One Nozzle) 141.3 4.2390 
DIAMETER DT ~ IN 
DIAMETER DIN ~ IN | Se = 
ON ~ DEGREES | 
AREA - FT* (One Nozzle) 
MAX CROSS-SECTIONAL 108.89595 0.09801 
GIMBAL ORIGIN | Xo Y 5 
LEFT NOZZLE ~ IN. F.S. 1825.3 -243 1,00 
RIGHT NOZZLE ~ IN. FS 1825.3 +21,3 1,00 
NULL POSITION - D=G. PITCH YAW 
LEFT NOZZLE | +8 = +8 
RIGHT NOZZLE +2 +8 
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TABLE III. - Continued. ' 
MODEL COMPONENT: NOZZLES - Nog 
3 GENERAL DESCRIPTION: _ConSivirsticn 34 O'S oreo 7 


Model Scale = ,030 


a SF I A EBC De OTIS EE IEP AS I PL TE ITI ITO CIEE LAETOLI EGE SE LE 




















DRAWING NO. _VE70-O0O1I04 
DIMENS IONS | } FULL-SCALF MODEL SCALE 
MACH NO. ) 
DIAMETER DEX ~IN (One nozzie) | | 
DIAMETER DT ~ IN 
DIAMETER DIN ~ IN “ 
ON ~ DEGREES pits 
AREA - Ft@ (one nozzle) 
MAX CROSS-SECTIONAL 
GIMBAL ORIGIN Xo Yo Ze 
LEFT NOZZLE ~ IN. | _ 1518.0 -88.0 492.0 
RIGHT NOZZLE ~ IN. 1518.0 *88.0 492.0 
NULL POSITION: PITCH YAW 
LEFT Nozzie (tull Pitch wre +6° i A te 
RIGHT NOZZLE (!til2 riteh 15°49': Yew 12°17! = rt aoe 


Ors'D) — 
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TABLE III. - Continued. 


" MODEL COMPONENT: RUDDER - R5 


ene lt A 


GENERAL DESCRIPTION: 2A, Zand 3A Configuration per Rockwell Lines 
VL70-000095 


a hh ee 
a 
Model Scale =~ -9350 

DRAWING NUMBER: VL70-000095 

DIMENSIONS: FULL-SCALE MODEL SCALE 
Area - FT@ 106.38 0.09574 
Span (equivalent) - IN. 201.0 6.0300 
Inb'd equivalent chord | 91.585_ 2.74755 
Qutb'd equivalent chord 50.833 1.52499 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.400 0.400 

At Outb'd equiv. chord 0.400 0.4% 
Sweep Back Angles, degrees 

Leading Edge 34.83 708 

Tailing Edge __ 26.25 26,25 

Hingeline i? 34.83 34.83 
Area Moment (Normal to hinge line;- rr3 526.13 0.01420 


Product of Area and Mean Chord 
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‘TABLE III. - Continued. 


MODEL COMPONENT: 





BOOSTER SOLID ROCKET MOTOR - 12 


GENERAL DESCRIPTION:  Configuretion 3A, Data for (1) of (2) sides, 





“Model Scale = .030 





VL72-000088A 


VL77-000936A 
DIMENSION: . a FULL SCALE MODEL SCALE 
“Length (Includes. Nozzle) - IN. 1741.0 52.2300 
Mox Width (Tank Dia) - IN. 42.3 4.2690 . 
Mox Depth (Aft Shroud) - IN. 192.0 5.7600 


Fineness Ratio © 


9.0677. 9.06771. 





Area - FT? 
Max Cross-Sectional _201.06193 0.18096 
Planform _ 
Wetted 
Bose | 
WP of BSR Centerline (27) - IN. _ 400 12.000 


FS of BSRM Nose (Xp) - IN. 


200 6.000 
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TABLE III. - Continued. 


MODEL COMPONENT: — EXTERNAL TANK - T12 


GENERAL DESCRIPTION: Exterrel Oxygen Hydrogen Tenk 








NOTE: Identical to T1l with external fuel lines added 


Vodel Seale = 




















 VL78-000031A 
DRAWING NUMBER _ __VL78-0000414 _— 
DIMENSION: _ BULL SCALE = MODEL SCALE 
Length - IN. (Nose @ Xp = 309) 1865 ___ $7.629_ 
Mox Width (Dia) - IN. 32h, 9.72, __ 
Mox Depth | 
Fineness Ratio — a 5.75617 —_ 5.75617 
Area - FT2 | 
Max Cross- ectional © §72.555 17.177 
Planform | 
Wetted 
Base . ee 
WP of Tonk Centerline (Xp) - IN. 9. AO. 
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MODEL COMPONENT: 


VERTICAL ~ Vg 


‘TABLE III. - Continued. 





GENERAL DESCRIPTION: Configuration 34 


NOIS: Sinitler to V5 with redivus on Ts uscer cerner erd LY lcvwer cerner 


wrere vertical meets fuselsare, 


DRAWING NUMBER: 





DIMENSIONS : 





TOTAL DATA 





VL70-O001 40x 


VL70-O001L64 


Area (Theo) Ft® 

. Planform 

Span (Theo) In 

Aspect Ratio 

Rate of Taper 

Taper Ratio 

sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 


Chords: 


Root (Theo) WP 


AC 


Tip (Theo) WP 
M 


Fus. Sta. of .25 MAC 
W. P. of .25 MAC 
B. L. of «25 MAC 

Alrfoil Section 
Leading Wedge Angle Deg 
Tra{ling kedge Angle Deg 
Leading Edge Radius (tin) - IN, 


Void Area 


Rianketed Area 
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FULL-SCALE 


413.253 


1.6/5 
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Pie ae 
41.1300 


8.05500 
3.25410 
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AS20580 
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TABLE III. - Concluded. 
MODEL COMPONENT: WING-Wy 16 
GENERAL DESCRIPTIC: Configuration 4 





' NOTE: Identical to Wy}q4 except airfoil thickness. Dihedral angle is along 


trailing edge of wing. 


eee mre rel a Pe A A et a 


Model Scale = . 030 
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: 2 -O001. 
TEST NO. a DUG. NO. VL 70-000200 
DIMENSIONS: ae 7 _ FULL-SCALE MODEL SCALE 
TOTAL DATA 
Area (\neo.) Fte | 
Planform | . 2690.00 _ 2.4210 
Span (Theo In. | 36.6816 2810045 
Aspect Ratio ie ON 2.265 2.205): 
Rate of Taper . 1177 Lakes 
Taper Ratio ___0. 200 0.200 
Dihedral Angle, degreas(at Xp=1506.623,Y = Seoul: eon 
Incidence Angle, degrees 105, 2 = 282.75) 0,500 6.500 
Aercdynamic Twist, degrees | +3000 +3.000 
Sweep Back Angles, degrees 7 ~ 
Leading Ecg2 | 45.00 45.00 
Trailing Edce | ~ 10-056 =10.U56 
0.25 Element Line 35.209 35.209 
Chords: = 
Root (Theo) 8.P.0.0. c = 689.2429 _ 20.67729 
Tip, (Theo) B.P. a 137.8486 4,1 3546 
MAC a 474.8117 __ 14,24435 
Fus. Sta. of .25 MAC | ' " 4126.72] 33, 80163 
WLP. of 125 MAC | 291.00 873000 
B.L. of .25 MAC in 387.3349) 5 62005 
ek Pet ee ve 
Area {Ineo Ft 7 a 1812.2205 1.6501 
Span, (Theo) In. bP108 a "736.6816 | 22.10045 
Aspect Ratio : - 2.058 2.058 
Taper Ratio a i 0.2451 0.2451 
‘ Chords Siete : ere 
TUNAL PAR Root BP108 | | — — $70,.6230 -1186 
ve a Quanity | LL ag eee 
. | «MAC get 354.2376 1062713 
Fus. Sta, of .25 MAC | 1164.237 44.9271) 
WP. of .25 MAC | 292.00 8 76000 
: B.L. of .25 MAC | 239.67785_ 2.19034 
Airfoil Section (Rockwell Mod NASA) : | 
XXXX=64 . 7 : 
Root b = 0.425 Og | 0.113 0.113 
Mp 3 (1.00 | "0.12 0.12 
Data for (1) of (2) Sides 
Leading Edge Cuf f 2 
Planform Area Ft | — TT87333 0.10650. 
Leading Edge Intersects Fus 4. L. @ Sta 505.0 1515000 
Leading Edge Intersects Wing @ Sta 1003.5 3010500 
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TABLE VII. - ORBITER BASE, BODYFLAP,AND OMS NOZZLE PRESSURE ORIFICE LOCATIONS 


ORBITER BASE 


an a as 
| ORIFICE 
LOCATION NUMBER 










Orbiter Sting Cavity 





~ tas eit 
eS ba ee 


‘Orbiter Base (Lower Left Corner) 





OMS Nozzle Base 
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RUDDER FLARE BASE BODY FLAP 






RUDDER WZ. ORBITER © X p~ Deg 
FULL MODEL FULL | MODEL 0 40 


a aa. 











725 18.75 1555. | 46.65 170 
Ove 
| 62s __| [4590 | 47.70 173. | 174 


data in datasets RBICKX ower 
590 47.70 171 172 
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TABLE XI. - EXTERNAL TANK ATTACH POINT PRESSURE ORIFICE LOCATIONS 


Xp Full 
Scale 1103 1093 1083 1073 1063 1053 1043 


Xp Model 
Scale 33,09 32.19 31.89 | 31655 31.29 


| 684 
FWD 
ATTACH 685 
POINT 
(ORBITER| 686 
TO E-T) 
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TABLE XI. - EXTERNAL TANK ATTACH POINT PRESSURE ORIFICE LOCATIONS 
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55. 6a) $8.32 95.32 32 D4 0 4.2 


1834 | 1824 

55.02| 54.72 
8 ce a | ae .807 
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708 | 701 Ls 
22992 
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TABLE XI. - EXTERNAL TANK ATTACH POINT PRESSURE ORIFICE LOCATIONS 
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X,, FULL : 
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